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anhydrous AlC13 (0.5 g, 3.8 mmol) was added. The solution which 
stirred overnight at 0 “C turned wine red. The CHzClz solution 
was extracted with cold water; removal of solvent gave 6, an oil: 
‘H NMR 6 0.98 (d, 3 H, J = 6 Hz), 1.29 (s, 3 H), 1.35 (s, 3 H), 
2.0 (m, 1 H), 2.70 (dd, 1 H, JAB = 6 Hz, JAC = 14 Hz), 3.35 (dd, 

Reaction of AgF with Benzenesulfenyl Chloride. To 0.88 
g of AgF (6.9 mmol) in acetonitrile (4.0 mL) under nitrogen was 
added 1.00 g of benzenesulfenyl chloride (6.9 mmol) with stirring. 
A precipitate formed, and the solution turned canary yellow. After 
1 h, the solution was almost colorless. Silver chloride (0.81 g, 82%) 
was recovered by filtration. 19F NMR of the remaining solution 
showed a multiplet at 6 -173. On attempted distillation the signal 
disappeared. Diphenyl disulfide (0.73 g, 95%) was recovered after 
removal of solvent. 

1 H, J B A  = 5 Hz, J B C  = 14 Hz), 6.96-7.59 (m, 4 H). 
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(Halomethy1ene)anthrones 3 and 4 were prepared by the simple method from 10-methylene- and 10- 
benzylideneanthrones. The reaction of 3 with azide ion gave 10-(azidomethy1ene)anthrone 5a, which afforded 
16 and/or 17 by photolysis and thermolysis, while similar treatment of 4 led to spiro[anthroneazirine] 19. The 
reaction of 3 and 4 with cyanide ion gave the corresponding 10-(cyanomethy1ene)anthrones 5b and 6b. 
(Halomethy1ene)anthrone 3 reacted with methoxide ion, hydroxide ion, and aniline to give 5c, 5d, and 5e, 
respectively. 

Methyleneanthrones are members of a class of com- 
pounds which are called “quinone methides”, that is, 
compounds in which one carbonyl oxygen atom of a qui- 
none is replaced by a methylene (or substituted methylene) 
group. This system is unstable and is subject to ionic 
addition and cycloaddition reactions because of the strong 
driving force for reaction supplied by aromatization of the 
product.’ However, 10-methyleneanthrones, e.g., 1 and 
2, are stable and show no tendency toward spontaneous 
aromatization. The low probability of the central ring 
becoming aromatic makes their quinone methide character 
weak. Since the ethylenic bond is comparatively isolated 
from the carbonyl group in the molecule, these compounds 
behave as a quinone methide as well as an olefin.’ 

The chemistry of methyleneanthrones having an un- 
substituted and aryl-substituted exomethylene group has 
been widely studied. They are useful starting or inter- 
mediate materials for a number of syntheses including the 
preparation of fused polycyclic compounds,le*c 9,lO-di- 
substituted anthracenes whose substituents are function- 
alized,l@ and spiroanthronyl-substituted compounds which 

(1) (a) Wagner, H.-U.; Gompper, R. In “The Chemistry of the Quino- 
noid Compounds”; Patai, S., Ed.; Wiley-Interscience: New York, 1973; 
Chapter 8. (b) Gruenanger, P. In “Methoden der Organichen Chemie 
(Houben-Weyl)”; Mueller, E., Ed.; Georg Thieme Verlag: Stuttgart, 1979 
Vol 7/3b, p 395. (c) Bayer, O., in ref lb,  Vol. 7/3c, p 294. 

(2) (a) Cook, J. W. J. Chem. SOC. 1926,2160. (b) Rigaudy, J.; NBdBlec, 
L. Bull. SOC. Chim. h.. 1960,400. (c) NBdBlec, L.; Rigaudy, J. Ibid. 1960, 
1204. (d) Buchanan, G. L.; Jhaveri, D. B. J .  Org. Chem. 1961,26,4295. 
(e) Al-Kafaji, A. N. Ph.D. Dissertation, University of Texas, Austin, TX, 
1966. (0 Starnes, W. H.; Jr. J .  Org. Chem. 1970,35, 1974. (9) Becker, 
H.-D.; Sanchez, D.; Arvidsson, A. Ibid. 1979,44, 4247. 
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contain an anthrone (quinonoid) moiety and a carbocycle 
or heterocycle in s p i r o c ~ n f i g u r a t i o n . ~ ~ ~ ~ ~  On the other 
hand, methyleneanthrones whose exomethylene is sub- 
stituted by a group other than an aryl have received less 
attention, though some of their unique properties were 
known as described below. 10- (Hydroxymethylene)- 
anthrone, prepared by the treatment of spiro[anthrone- 
10,2’-oxirane] with boron trifluoride etherate, is in tau- 
tomeric equilibrium in solution with 10-formylanthrone 
and 10-formyl-9-hydroxyanthracene. Also it has been 
converted into a-chloro-, a-methoxy-, and a-benzoyloxy- 
substituted methyleneanthrones.2b-d The solvolysis reac- 
tion via intermediate vinyl cations of 10-(a-bromo- 
arylidene)anthrones, which are prepared by dehydrobro- 
mination of 10-arylideneanthrone dibromides, has been 
~ t u d i e d . ~  The present paper is concerned with the 
syntheses and reactions of a-substituted 10-methylene- 

(3) (a) Mustafa, A.; Hilmy, K. J. Chem. SOC. 1952, 1413. (b) Sidky, 
M. M.; Mahran, M. R.; Abdo, W. M. J.  Prakt,  Chem. 1974,316,377. (c) 
Hirakawa, K.; Nakazawa, S. J .  Org. Chem. 1978,43,1804. (d) Nakazawa, 
S.; Hirakawa, K.; Fujimori, S.; Iwasaki, K. J. Chem. SOC., Perkin Trans. 
1 ,  1979,2052. (e) Hirakawa, K.; Ito, T.; Okubo, Y.; Nakazawa, S. J .  Org. 
Chem. 1980, 45, 1668. (0 Eynon, J.; LaFauchi, R.; Rosenfeld, M. Org. 
Prep. Proced. Int. 1979,11, 71. (9) Becker, H.-D.; Sanchez, D. J .  Org. 
Chem. 1989,44,1787. (h) Becker, H.-D.; Elebring, T. Ibid. 1985,50,1319. 

(4) (a) Rappoport, Z.; Kaspi, J.; Apeloig, Y. J. Am. Chem. SOC. 1974, 
96,2162. (b) Rappoport, Z. Acc. Chem. Res. 1976,9,265. (c) Rappoport, 
Z.; Greenblatt, J.; Apeloig, Y. J .  Org. Chem. 1979,44, 3687. (d) Rappo- 
port, Z.; Apeloig, Y.; Greenblatt, J. J. Am. Chem. SOC. 1980, 102, 3837. 
(e) von Ginkel, F. I. M.; Hartmann, E. R.; Lodder, G.; Greenblatt, J.; 
Rappoport, Z. Ibid. 1980,102,7514. (0 Kaftory, M.; Apeloig, Y. J .  Chem. 
SOC., Perkin Trans 2,  1985, 29. 
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Table I. Reactions of the (Halomethvlenefanthrones 3 and 4 with Nucleouhiles 
~~ 

reaction conditions 
comDd nucleophile solv temp, OC time, h product yield, 9'0 

3a 
3b 
4b 
3a 
3b 
4b 
3a 
3b 
3a 
3b 
3a 
3b 
3a 
3b 
3a 
3b 
3b 

Base; NaOH. 

N3- DMF 0 
N3- DMF 0 
N3- DMF 20 
CN- 95% DMF 20 
CN- 95% DMF 20 
CN- 95% DMF 20 
MeO' DMF 20 
MeO- DMF 20 
OH- 95% DMF 20 
OH- (I 95% DMF 20 
OH- * 95% DMF 20 
OH- * 95% DMF 20 
PhNHz 90 
PhNHz 20 
AcO-' 95% AcOH 65 
AcO-' 95% AcOH 65 
AcO-' 95% DMF 20 

Base, AcONa. Reaction was carried out in the presence of PdC12. 

anthrones 3-6 which might be used as a starting material 
in synthesis. 

Results and Discussion 
Preparation of 10-(Halomethy1ene)anthrones. The 

(halomethy1ene)anthrones 3 were prepared by the path as 
shown in Scheme I. The addition of halogen to the double 
bond of 10-methyleneanthrone (1) forms the dihalides 7, 
and solvolysis of 7 gives 9 and 10, the dehydrolysis and the 
demethanolysis of which produces 3. The dichloride 7a 
and the dibromide 7b were prepared by the reaction of 1 
with sulfuryl chloride and by bromine addition of 1 ac- 
cording to literature: respectively. The solvolysis reaction 
(i.e., hydrolysis and methanolysis) of 7a,b occurred in the 
halogeno group of 10-position, yielding the corresponding 
10-hydroxy- and 10-methoxy-10-(halomethy1)anthrones 9 
and 10 (9a, 66%; 9b, 82%; loa, 57%; lob, 72%). The 
predominant replacement at  the 10-position is compatible 
with common observation that tertiary halides are more 
reactive than primary halides in solvolysis reactions. The 
dehydrolysis of 9a and the demethanolysis of 10a with 
sulfuric acid gave 10-(chloromethy1ene)anthrone (3a) in 
92% and 87% yields, respectively. Similar reactions of 
9b and 10b led to the bromo analogue 3b in 8540% yields. 
Attempts of the dehydrohalogenation of dihalides 7a,b 
with base, such as sodium hydroxide or sodium methoxide, 
gave 1 and its Diels-Alder dimeric product, 2,3-dihydro- 
spiro[benz[de]anthrone-3,lO'-anthrone] (ll),  which was 
formed by base-induced reaction of 1. Thermolysis of 9a 
in refluxing acetic acid led to 3a, 11, and 12; however, 9b 
gave 10,10'-(1,2-ethanediylidene)dianthrone (13). 
10-(a-Chlorobenzy1idene)anthrone (4a) was prepared, 

albeit in 15% yield, only by thermolysis of the dichloride 
8a, which was obtained from the reaction of 10- 
benzylideneanthrone (2) with sulfuryl chloride. The cy- 
bromo analogue 4b was obtained in a 87% yield from 
base-induced dehydrobromination of the dibromide 8b, 
prepared according to the literature," with sodium ethoxide 
a t  15 OC. This base-induced dehydrobromination was 
accompanied by a debromination to 2 when the reaction 
temperature was raised; at  a temperature above 30 O C ,  the 
debromination became the main reaction. A number of 
unsuccessful preparations by the routes that involve sol- 
volysis of 8 to form 14 and 15 followed by dehydrolysis or 
demethanolysis to 4 and base-induced dehydrochlorination 

~~~~~ ~~ 

(5) Meyer, K. H. Justus Liebigs Ann. Chem. 1920, 69, 1986. 
(6) Bach, C. Chem. Ber. 1980,23, 1569. 

0.5 
0.5 
0.5 
0.5 
0.5 
3 
2 
2 
4 
4 
4 
4 

10 
10 
5 
5 
4 

5a 
5a 
19 
5b 
5b 
6b 
5c 
5c 
5d 
5d 
5d 
5d 
5e 
5e 
5f 
5f 
5g 

Scheme I 

94 
92 
90 
20 
25 
39 
54 
59 
60 
63 
89 
91 
80 
89 
20 
30 
95 

1, R1 = H R' 3, R1 = H 
2, R1 = Ph 7, R1 = H 

8, R1 = Ph 

H20 Or 1 
MeOH 

a, X = C1; b, X = Br o / 

& I 
R' 

9, R1 = H; R2 = H 
10, R1 = H; R2 = Me 
14, R1 = Ph; R2 = H 
15, R1 = Ph; R2 = Me 

C H  + 
0 
13 

U 

11, Z = H 
12, z = c1 

of 8a to 4a were attempted. The (halomethy1ene)- 
anthrones 3 and 4 were stable, and their prolonged heating 
in an inert solvent only resulted in the formation of traces 
of anthraquinone. 

Vinylic Substitution of 10- (Halomet hy lene) - 
anthrones. The (halomethy1ene)anthrones 3 and 4 re- 
acted with nucleophiles, yielding the corresponding a- 
substituted 10-methyleneanthrones 5 and 6 or their sub- 
sequent products, as shown in Table I and Scheme 11. 
Treatment of 3a,b with sodium azide in N,N-dimethyl- 
formamide (DMF) gave 10-(azidomethy1ene)anthrone (tis), 
whose structure was substantiated by the infrared spec- 
trum supporting the presence of azido group (2105 cm-') 
and its chemical behavior. The compound 5a was stable 
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Scheme I1 

3 or 4 DMF Y- A$o 
R1 CY 

5, R1 = H 
6, R1 = P h  

0 

hv or A 
5a or 6a 

- N 2  

/ 18, R1 = H 
,/ 19, R1 = P h  

QH 

and/or  

~1 -N C N  

16, R1 = H 17 

a, Y = N,; b, Y = CN; C j  Y = OMe; d, Y = OH; 
e, Y = NHPh; f, Y = OAc; 9, Y = C1  

at 0 O C  for periods up to 20 days; however, at 30 "C, it was 
transformed to 6-hydroxy-2-azaaceanthrylene (16) (38%) 
and anthraquinone. Photolysis of 5a in ether a t  -50 " C  
afforded 16 (32 %) and 9-hydroxy-10-cyanoanthracene (17) 
(16%) which arose from the secondary reaction of an in- 
termediate spiro[anthrone-10,2'-2'H-azirine] (18). The 
formation of 18 was supported by NMR analysis of the 
crude photolysate which showed the presence of 2'-H of 
18 [6 9.68 (s)]. The spiroazirine 18, which lacks a sub- 
stituent at the 2'-position, could not be isolated owing to 
its extreme reactivity.' 10-(a-Bromobenzy1idene)anthrone 
(4b) reacted with azide ion to give 3-phenylspiro[an- 
throne-10,2'-2'H-azirine] (19). This reaction probably in- 
volves the initial formation of 6a, followed by its ther- 
molysis.8 The spectral data of 19 were consistent with the 
proposed structure. 

The reaction of 3a (3b) with potassium cyanide, buffered 
by acetic acid, in 95 vol % DMF yielded 10-(cyano- 
methy1ene)anthrone (5b) together with unidentified 
product whose oxidation by atmospheric oxygen to form 
anthraquinone. The spectra of 5b indicated absorption 
for cyano and carbonyl groups at  2200 and 1653 cm-', 
respectively, and a singlet methine signal at 6 6.16. The 
similar reaction of 4b gave 10-(a-cyanobenzy1idene)- 
anthrone (6b), which showed strong cyano and carbonyl 
absorptions (2200 and 1675 cm-I). Treatment of 3a (3b) 
with sodium methoxide in DMF, sodium hydroxide (or 
hydroxide ion provided by the ionization of sodium ace- 
tate) in 95 vol % DMF, and aniline led to 10-(methoxy- 
methy1ene)anthrone (5c) and the hydroxy and anilino 
analogues 5d and 5e, respectively. On the other hand, 4b 
was unreactive to these nucleophiles. The structure of 
product obtained from the reaction with aniline is assigned 
as enamine form 5e rather than its imino form on the basis 
that its NMR spectrum reveals a broad singlet NH signal 

(7) (a) Fowler, F. W. Ado. HeterocycL Chem. 1972, 13, 45. (b) Nair, 
V. In "The Chemistry of Heterocyclic Compounds, Small Ring 
Heterocycles"; Hassner, A., Ed.; Wiley: New York, 1983; Chapter 2. (c) 
Smolinsky, G.; Pryde, C. A. J. Org. Chem. 1968,33,2411. (d) Bauer, W.; 
Hafner, K. Angew. Chem., Int. Ed. Engl. 1969, 8, 772. 

(8) (a) Smolinsky, G.; Pryde, C. A. In 'The Chemistry of the Azide 
Group"; Patai, S., Ed.; Wiley-Interscience: New York, 1971; Chapter 10. 
(b) Hassner, A. In "Azides and Nitrenes, Reactivity and Utility"; Scriven, 
E. F. V., Ed.; Acdemic Press: New York, 1984; Chapter 2. 

Scheme I11 

3 or 4 Y- -+-+ 
RLC-X RLC-X 

I I 
Y Y 

2 1  I 

II 
R k +  

20 

a t  6 3.15 and its infrared spectrum indicates absorption 
for NH group at  3420 cm-l. 

For such nucleophilic substitution of halogeno group at  
(halomethy1ene)anthrones 3a, 3b, and 4b, two mechanisms 
(the nucleophilic addition-elimination route, AdN-& and 
s N 1  route) are conceivable (Scheme III).4*8,9 However, it 
seems unlikely that the substitution reaction proceess by 
s N 1  r ~ u t e . ~ , ~ - ~ O  This view is supported by the following 
observations: (a) the (halomethy1ene)anthrones react with 
good nucleophiles to give the substitution products but do 
not react with poor nucleophiles such as acetate and 
chloride; (b) (bromomethy1ene)anthrone 3b is more re- 
active than (a-bromobenzy1idene)anthrone 4b; (c) the 
substitution reactions proceed rapidly a t  ordinary tem- 
perature. If the SN1 route is operative, the reaction would 
be not influenced by the nature of the attacking nucleo- 
phile, since the combination of vinyl cation 20 with nu- 
cleophiles generally occurs very fast. In addition, 3b would 
be less reactive than 4b, having phenyl group a t  the bro- 
mo-bearing carbon, which forms an intermediate vinyl 
cation stabilized due to II(a-Ar)-p(C+) c~njugat ion.~ The 
solvolysis of 10-(a-bromoary1idene)anthrones via SN1 route 
involving the formation of vinyl cation has been reported 
to  generally occur at a high reaction t e m p e r a t ~ r e . ~  
Therefore, it seems reasonable that the vinylic substitution 
of 3a, 3b, and 4b proceeds by A&-E route, which involves 
the attack of a nucleophile on a-carbon atoms to form 
carbanion 21 with subsequent elimination of halide ion. 
The intermediate carbanion 21 may be stabilized by res- 
onance and an inductive electron-withdrawing effect of 
carbonyl group. 

On the other hand, (halomethy1ene)anthrones reacted 
with poor nucleophiles in the presence of palladium 
chloride. The palladium catalytic reaction of 3a (3b) with 
sodium acetate in acetic acid gave the a-acetoxy analogue 
5f, albeit in a low yield. The structure of 5f was confirmed 
by comparison with a sample prepared independently by 
acetylation of 5d with acetic anhydride. A similar reaction 
of 3b with sodium chloride in 95 vol % DMF led to 5g 
(=3a) in a high yield. This palladium catalytic reaction 
would proceed by the mechanism similar to that proposed 
for the acetoxylation of vinyl halides, and would involve 
the formation of the intermediate 22.11 

Finally, the a-substituted 10-methylene- and 10- 
benzylideneanthrones 3-6, except 5a, are stable enough 
to subject to a further series of experiments. 

(9) (a) Patai, S.; Rappoport, Z. In "The Chemistry of Alkene"; Patai, 
S., Ed.; Wiley-Interscience: New York, 1973; Chapter 8. (b) Rappoport, 
Z. Acc. Chem. Res. 1971, 4 ,  73. 

(10) Rappoport, Z.; Gal, A. J. Org. Chem. 1972, 37, 1174. 
(11) Tsuji, J. In "Reactivity and Structure Concepts Organic Chem- 

istry 10, Organic Synthesis with Palladium Compounds"; Springer-Verlag: 
Berlin, 1980; pp 146-152. 
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B 

Experimental Section 
Melting points were determined with a Yanagimoto hot stage 

apparatus and are uncorrected. Microanalysis were performed 
on a Perkin-Elmer Model 240 elemental analyzer. Infrared spectra 
were recorded on a JASCO IRA-1 spectrophotometer (KBr disk), 
'H NMR spectra on a JEOL JNM-3H-60 (60 MHz) and JNM- 
FX90 (90 MHz) spectometers for solutions in deuteriochloroform 
(tetramethylsilane as the standard), and mass spectra on a JEOL 
JMS-OlSG-2 spectrometer (at 75 eV). Column chromatography 
was carried out with Wakogel C-200. Purity of products was 
checked by TLC (Merck, silica gel 60 F,,, precoated plastic sheet, 
0.2 mm) and spectral analyses. 

The following compounds were prepared according to previously 
known procedure: 10-methyleneanthrone (l),I2 lo-benzylidene- 
anthrone (2),2a 10-bromo-10-bromomethylanthrone (7b),5 and 
IO-bromo-10-(a-bromobenzyl)anthrone (Sb).6 
10-Chloro-10-(chloromethy1)anthrone (7a). To a stirred 

solution of 1 (4.12 g, 20 mmol) in methylenechloride (40 mL) was 
added sulfuryl chloride (8.10 g, 60 mmol) in small portions at  room 
temperature. After 3 h, the solvent and unchanged sulfuryl 
chloride were distilled off under reduced pressure. The residue 
was recrystallized from benzene-hexane to give 7a (4.15 g, 75%) 
as colorless plates: mp 156 "C; IR 1662 cm-' (C=O); 'H NMR 
8 4.30 (s, 2 H,  CH2), 7.20-8.10 (m, 6 H, Ar H), 8.15-8.45 (m, 2 H,  
Ar H); MS, m / e  280/278/276 (M'). Anal. Calcd for CI5Hl,,Cl20; 
C. 65.01; H, 3.65; C1, 25.58. Found: C, 64.79; H, 3.61; C1, 25.43. 
10-Chloro-10-(a-chlorobenzy1)anthrone (8a). The procedure 

was similar to that for the preparation of 7a. The product from 
2 was recrystallized from benzene-hexane, giving 8a (86%) as 
colorless microcrystals: mp 155-156 "C. 

10-(Chloromethy1)-10-hydroxyanthrone (9a). A solution 
of 7a (2.77 g, 10 mmol) in 80 vol % acetone (100 mL) was refluxed 
until TLC showed the absence of 7a (3 h). The resulting solution 
was concentrated to one-third of its original volume and then was 
poured into water (200 mL). The precipitate was recrystallized 
from benzene-hexane to give 9a (1.70 g, 66%) as colorless plates: 
mp 161 "C; IR 3440 (OH), 1655 cm-' (C=O); 'H NMR 6 3.64 (s, 
1 H, OH), 3.70 (s, 2 H, CHJ, 7.25-8.25 (m, 8 H, Ar H); MS, m / e  
260/258 (M'). Anal. Calcd for C15HllC102: C, 69.66; H, 4.29; 
C1, 13.70. Found: C, 69.51; H, 4.35; C1, 13.88. 

10-(Bromomethy1)-10-hydroxyanthrone (9b). The proce- 
dure was similar to that the preparation of 9a. The product was 
recrystallized to give 9b (82%) as yellowish plates: mp 170-172 
O C .  
10-(Chloromethy1)-10-methoxyanthrone (loa). A solution 

of 7a (2.77 g, 10 mmol) in methanol (50 mL) was heated under 
reflux for 15 h, during which time TLC showed the absence of 
7a. The solvent was distilled off, and the residue was chroma- 
tographed on silica (benzene as eluant). The first fraction was 
recrystallized from benzene-hexane to give 10a (1.56 g, 57%) as 
colorless plates: mp 111-112 "C; IR 1655 cm-' (C=O); 'H NMR 
6 2.99 (s, 3 H, CH,), 3.75 (s, 2 H, CH,), 7.35-7.95 (m, 6 H, Ar H), 
8.20-8.55 (m, 2 H, Ar H); MS, m / e  274/272 (M'). Anal. Calcd 
for Cl,H,,CIO~: C, 70.48; H, 4.80; C1, 13.00. Found: C, 70.25; 
H, 4.71; CI, 12.99. 

lo-( Bromomethy1)- 10-methoxyanthrone (lob). A similar 
methanolysis of 7b gave 10b (72%): yellowish microcrystals (from 
methanol), mp 113-115 "C. 

10-(a-Bromobenzyl)-10-methoxyanthrone (15b). The 
product from methanolysis of 8b was recrystallized from methanol 
to give 15b (79%) as colorless plates: mp 158-160 "C. 
10- (C hloromethy1ene)anthrone (3a). A. Dehydrolysis of 

9a. A solution of 9a (2.59 g, 10 mmol) in sulfuric acid (20 mL) 
was allowed to stand at  room temperature for 30 min. The 

resulting mixture was poured into ice water (200 g), and the 
precipitate was collected and washed with water. Recrystallization 
from benzene-hexane gave 3a (2.21 g, 92 %) as colorless plates, 
mp 133-134 "C (lit.2c mp 134 "C), identical with an authentic 
specimen. 
B. Demethanolysis of loa. A similar treatment of 10a with 

sulfuric acid gave 3a in a 87% yield. 
C. Thermolysis of 7a. A solution of 7a (2.59 g, 10 mmol) in 

acetic acid (50 mL) was refluxed under nitrogen until TLC showed 
the absence of the starting material (ca. 15 h). The resulting 
mixture was poured into water, and the precipitate was chro- 
matographed on silica (benzene as eluant). The first eluate 
contained 3a (0.41 g, 17%). The second fraction consisted of 
l-chloro-2,3-dihydrospiro[benz[cle]anthrone-3,lO'-anthrone] (12) 
(0.48 g, 22% ): white microcrystals (from benzene-hexane), mp 
252 "C. The third fraction afforded 2,3-dihydrospiro[benz[de]- 
anthrone-3,10'-anthrone] (11) (0.31 g, 15%), identical with an 
authentic specimen.3c 

10-(Bromomethy1ene)anthrone (3b). The compound 3b was 
prepared in 85-90% yields both by dehydrolysis of 9b and by 
demethanolysis of lob. The procedure was similar to that for 
the preparation of 3a. 3b: light yellow microcrystals (from 
benzene-hexane), mp 130 "C; IR 1660 cm-' (C=O); 'H NMR 6 
7.25 (s, 1 H, CHI, 7.25-7.85 (m, 5 H, Ar H), 8.05-8.65 (m, 3 H, 
Ar H); MS, m / e  286/284 (M'). Anal. Calcd for C15H9BrO: C, 
63.21; H, 3.18; Bt, 28.03. Found: C, 63.10; H, 3.25; Br, 28.46. 

Thermolysis of 7b (3.66 g, 10 mmol) in refluxing acetic acid 
(50 mL) gave 10,10'-(1,2-ethanediylidene)dianthrone (13) (1.25 
g, 61 %) as orange-red microcrystals, mp 290 "C (lit.% mp 292-294 
"C), identical with an authentic specimen. 

10-(a-Chlorobenzy1idene)anthrone (4a). Themolysis of 8a 
(1.77 g, 5 mmol) in refluxing acetic acid (60 mL) gave 4a (0.47 
g, 15%): yellow microcrystals (from benzenehexane), mp 135-136 
"C mp 134-136 "C). Treatment of 8a with strong bases did 
not yield 4a. 
10-(a-Bromobenzy1idene)anthrone (4b). A solution of 8b 

(4.42 g, 10 mmol) and sodium ethoxide (0.11 mol) in ethanol (200 
mL) was stirred at  15 "C under nitrogen for 5 h. The solvent was 
evaporated, and then the resulting mixture was poured into water. 
The precipitate was recrystallized from benzene-hexane to give 
4b (3.14 g, 87%) as light yellow needles, mp 145 "C (lit.4c,d mp 
147 "C), identical with an authentic specimen. Demethanolysis 
of 15b with sulfuric acid were unsuccessful . 
IO-(Azidomethy1ene)anthrone (5a). Sodium azide (0.81 g, 

12.5 mmol) was added to a solution of 3a (1.20 g, 5 mmol) of 
Nfl-dimethylformamide (DMF, 30 mL). The resulting mixture 
was stirred at  0 "C for 30 min and then poured into ice-water. 
The yellow precipitate was filtered off, washed with cold water, 
and dried at  the temperature below 0 "C. Crude 5a weighed 2.32 
g (94%). Owing to its instability, it was examined without further 
treatment: mp 114-116 "C dec; IR 2105 (NJ, 1635 cm-l (C=O); 
'H NMR 6 7.43 (5, 1 H, CHI, 7.20-7.80 (m, 5 H, Ar H), 8.15-8.60 
(m, 3 H,  Ar H); MS, m / e  219 (M' - N2). Anal. Calcd for 
CI5H9N30: C, 72.86; H, 3.67; N, 17.00. Found: C, 72.53; H, 3.87; 
N, 16.72. 

A similar reaction of 3b with sodium azide also yielded 5a 
(92%). 
Photolysis of 5a. A solution of 5a (0.50 g, 2 mmol) in ether 

(300 mL) under nitrogen was irradiated through a Pyrex filter 
with a 100-W high-pressure mercury lamp (Ushio UM102) for 1.5 
h a t  -50 "C. The solvent was removed under reduced pressure. 
TLC (chloroform) of the crude photolysate showed two major 
spots having R, 0.15 and 0.10 and a minor spot having R, 0.35. 
The product was chromatographed on silica with chloroform. The 
first eluate contained 9-hydroxy-10-cyanoanthracene (17) (70 mg, 
16%): light yellow needles (from chloroform), mp 272-273 "C; 
R, 0.15; IR 3250 (OH), 2240 cm-' (CN); 'H NMR [CDCl,-(C- 
D3)2CO] 6 7.30-7.85 (m, 4 H, 2-, 3-, 6-, and 7-H), 8.20-8.65 (m, 
4 H, I-, 4-, 5-, and 8-H), 10.06 (s, 1 H, exchanged in D,O, OH); 
MS, m / e  (relative intensity) 219 (M', loo), 190 (901, 164 (27), 
163 (27). Anal. Calcd for C,,H9NO: C, 82.19; H, 4.14; N, 6.39. 
Found: C, 82.17; H, 3.98; N, 6.27. The second fraction consisted 
of 6-hydroxy-2-azaaceanthrylene (16) (0.14 g, 32%): light yellow 

(12) Clar, E. Chem. Ber. 1936, 69, 3686. 113) Banchetti, A. Gazz. Chim. Ital. 1951, 81, 419 



10-(Halomethy1ene)anthrones 

column (from chloroform), mp 275-276 "C; Rf0.10; IR 3200 (OH), 
1638 cm-' (C=N); 'H NMR [CDC13-(CD3)2CO] 6 7.15-8.20 (m, 
8 H ,  1-H and Ar H),  10.42 (br s, 1 H, exchanged in D20,  OH); 
MS, m / e  (relative intensity) 219 (M', loo), 190 (28), 164 (77), 
163 (71). Anal. Calcd for Cl6H9NO: C, 82.19; H, 4.14; N, 6.39. 
Found: C, 82.05; H, 3.96; N, 6.21. The compound having R, 0.35 
could not isolated owing to its extreme reactivity. 
3-Phenylspiro[anthrone-l0,2'-2'H-azirine] (19). (Bromo- 

benzy1idene)anthrone 4b was allowed to react with sodium azide 
at  20 "C as described above for the reaction of 3 with sodium azide. 
The product was recrystallized from benzene-hexane to give 19 
(90%) as light yellow plates: mp 194 "C dec; IR 1750 (C=N), 
1660 cm-I (C=O); 'H NMR 6 6.90-7.30 (m, 2 H, 4- and 5-H), 
7.30-8.05 (m, 9 H, 2-, 3-, 6-, and 7-H and C6H5), 8.35-8.70 (m, 
2 H, 1- and 8-H); MS, m / e  (relative intensity) 295 (M', loo), 192 
(20), 164 (68), 163 (46). Anal. Calcd for C21H13NO: C, 85.40; H, 
4.44; N, 4.74. Found: C, 85.23; H, 4.59; N, 4.91. Treatment of 
4b with sodium azide at  0 "C gave the unchanged starting material. 

10-(Cyanomethy1ene)anthrone (5b). A suspension of po- 
tassium cyanide (0.81 g, 12.5 mmol) in water (1 mL) added to  a 
stirred solution of 3a (1.20 g, 5 mmol) in DMF (19 mL) and acetic 
acid (0.5 mL). The resulting soltuion was stirred a t  20 "C under 
nitrogen for 30 min. The mixture was poured into water, and the 
precipitate which had separated was collected. The product was 
chromatographed on silica (benzene as eluant). The first fraction 
afforded anthraquinone (52 mg, 5%). The second fraction con- 
tained 5b (0.23 g, 20%): colorless microcrystals (from benzene- 
hexane), mp 198 "C; IR 2200 (CN), 1653 cm-' (C=O); 'H NMR 
6 6.16 (s, 1 H, CH), 7.45-7.90 (m, 5 H, 2-, 3-, 5-, 6-, and 7-H), 
8.20-8.45 (m, 2 H, 1- and 8-H), 8.45-8.65 (m, 1 H, 4-H), MS, m / e  
(relative intensity) 231 (M+, loo), 203 (60), 202 (14), 201 (12), 88 
(11). Anal. Calcd for CI6H,NO: C, 83.10; H, 3.92; N, 6.06. Found: 
C, 83.08; H, 4.04; N, 6.02. A similar treatment of 3b gave 5b in 
a 25% yield. 

10-(a-Cyanobenzy1idene)anthrone (6b). To a stirred solution 
of 4b (1.08 g, 3 mmol) in DMF (19 mL) was added a suspension 
of potassium cyanide (0.48 g, 7.5 mmol) in water (1 mL). After 
3 h, the resulting mixture was poured into water. Chromatography 
(benzene as eluant) of product gave anthraquinone (25 mg, 4%) 
and 6b (0.35 g, 39%): pale yellow microcrystals (from benzene- 
hexane), mp 191-192 "C. 

10-(Methoxymethy1ene)anthrone (5c). To a mixture of 
sodium methoxide (0.68 g, 12.5 mmol) in DMF or methanol (15 
mL), 3a (1.20 g, 5 mmol) was added in small portions. The 
resulting mixture was stirred under nitrogen for 2 h, poured into 
water, and acidified with hydrochloric acid. The crystals were 
filtered off, and then chromtographed on silica with benzene to 
give anthraquinone and 5c (0.63 g, 54%), mp 138 "C (lit.2c mp 
136 "C), identical with an authentic specimen. Similar treatment 
of 3b gave 5c (59%). 
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10-(Hydroxymethy1ene)anthrone (5d). A suspension of 
sodium acetate (1.03 g, 12.5 mmol) in water (1.5 mL) was added 
to a stirred solution of 3a (1.20 g, 5 "01) in DMF (28.5 mL) under 
nitrogen. After 4 h (20 "C), the mixture was poured into water. 
The product 5d (0.99 g, 89%) was isolated as orange microcrystals, 
identical (IR spectrum) with an authentic specimen prepared by 
isomerization of spiro[anthrone-l0,2'-oxirane] with boron tri- 
fluoride etherate.2w Similar treatment of 3b afforded in a 91% 
yield. The reaction of 3a,b in the presence of sodium hydroxide, 
followed by acidification, gave 5d in 60-63% yields. 

10-(Anilinomethy1ene)anthrone (5e). A mixture of 3b (1.43 
g, 5 mmol) and aniline (4 mL) was stirred a t  20 "C for 10 h. 
Removal of the excess aniline by steam distillation gave red 
crystals, which were recrystallized from benzene-hexane to yield 
5e (1.32 g, 89%) as red microcrystals, identical with an authentic 
specimen, mp 210-212 "C (lit.2c mp 205 "C). Similar treatment 
of 3a with aniline at  60 "C also gave 5e (80%). 

10-(Acetoxymethy1ene)anthrone (5f). To a suspension of 
3a (1.20 g, 5 mmol) and palladium chloride (0.18 g, 1 mmol) in 
acetic acid (18 mL) was added a suspension of sodium acetate 
(1.03 g, 12.5 mmol) in water (2 mL). The resulting mixture was 
stirred under nitogen at 65 "C for 5 h and then poured into water. 
The product was chromatographed on silica (benzene as eluant). 
The first eluate contained unchanged 3a (0.21 g, 18%). The 
second fraction consisted of anthraquinone (70 mg, 7%), and the 
third fraction gave 5f (0.26 g, 20%): light yellow microcrystals 
(from benzene-hexane), mp 153-154 "C; IR 1782 (C=O), 1665 
cm-' (C=O); 'H NMR 6 2.38 (s, 3 H, CH3), 7.35-8.00 (m, 5 H, 
CH and 2-, 3-, and 6-, and 7-H), 8.20-8.55 (m, 4 H, 1-, 4-, 5-, and 
8-H); MS, m / e  (relative intensity) 264 (M', IS), 222 (loo), 221 
(30), 194 (26), 165 (31), 43 (29). Anal. Calcd for Ci7HI2O3: C, 
77.26; H, 4.58. Found: C, 77.07; H, 4.53. 

The compound 5f was prepared independently by the following 
experiment. 5d (1.11 g, 5 mmol) was suspended in acetic anhy- 
dride (10 mL), and then sodium acetate (0.5 g) was added. The 
mixture was heated at  90 "C for 2 h and then poured into water. 
The product was recrystallized from benzene-hexane to give 6f 
(1.10 g, 83%). 
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